Climate change has a large effect on agriculture sector and, consequently, on the food available for residents of Hai District and other regions of Tanzania. Based on four decades of climate data, this study assessed the impacts of climate change and its potential vulnerability on food availability in Hai District, Kilimanjaro region. The results from this study suggest an association between food crop production and variation in climate (temperature and rainfall) in Hai District. Considering the aspect of rainfall and temperature, we demonstrate that rainfall and temperature have significant relationship with maize and bean outputs. The rainfall had a strong positive association with maize and beans production and whereas temperature had inverse relationship with maize and beans yields. With the annual loss $0.04 million and $0.01 million per year from cattle and goats/sheep respectively and the additional annual loss of $29 million and $10.8 million from maize and bean crops respectively in Hai District during years of severe and prolonged droughts, our study highlighted how severe droughts can dramatically affect agriculture production and food security in the area. To mitigate climate change and provide effective adaptation measures, it is imperative to develop a broader research framework, which integrates bio-physical and socioeconomic aspects of food systems which addresses its vulnerability and thereby improve food security.
Introduction
Climate variation is one of several factors that affect livelihood of people [1] - [3] often resulting in vulnerability to food shortages. Climates around the world are changing very rapidly as warming and frequent drought continues to increase. Many parts of the world (including Tanzania) have experienced the first decade of the 21 st century as the warmest decade on record since modern measurements began around 1850, which was also marked by dramatic climate and weather extremes such as long-term droughts [4] [5] .
Climate change has become a source of uncertainty and vulnerability of people's livelihood including food availability (production, distribution and exchange). These marked warming and changes in climate around the world provide a context in which to evaluate the likely effects of climate on food availability [2] . For example, in studies of household food security in Southern Africa, overall, climate was one of the 33 drivers of food security [1] [3] , which increased livelihood of people to vulnerability risks. Additionally, observed warming has been linked to increased food insecurity in areas currently vulnerable to hunger and undernutrition [6] .
Agriculture production in Hai District is the major economic activity that significantly contributes to food availability in Tanzania. The six most widely grown crops in the district are maize, common bean, coffee, banana, paddy (rice) and sunflower. Among the animals domesticated in the district include; cattle, goat, sheep and chicken. Production of these crops accounts for over 46% of Hai District cropland area and more than 82% of food production, grown by more than 80% of the small scale farmers/residents whose primary source of livelihood is agriculture [7] [8] . Maize is now the staple food of the impoverished majority of the Tanzanian population, whereas the small middle class and the tiny upper class consume rice and wheat [9] . The past decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) has witnessed dramatic decline in rainfall weighted with increased temperature in Hai District (Figure 2 ). For example, when drought afflicted Tanzania in 2005, Tanzanian newspapers and radios reported that large amounts of maize and rice were being imported in 2006 and that this extensive import was a result of crop failures caused by the drought of the previous year [9] .
Several studies of climate change, together with other global environmental changes such as changes in water availability, and land cover, etc., have increased concerns about the potential of climate change to impact on food availability, exacerbating food insecurity especially for poor people.
Although those studies have demonstrated how climate change is associated with food availability and livelihood vulnerability globally and regionally, as is already happening in some places, its precise vulnerability effects are not uniform and are difficult to predict [2] [6] [10] [11] providing little insight into the food availability dimension of food security. Also, the gradual increase in drought and human population has decreased food availability not only in arid and drought-prone areas but also in humid or sub-humid zones, leaving its sustainability to be threatened by various human activities [2] [6].
While creating awareness among different stakeholders dealing with food security in these areas becomes important, further detailed study is necessary to provide quantitative information that would support and provide a framework upon which food could be used and managed. Considering the inadequate of this information and understanding of the effect of climate change on food availability, this study therefore aimed to assess the relationship between climate change and food availability Hai District, northern Tanzania.
In order to reduce uncertainties of many climate impacts of food security, current vulnerability to climatic hazards and stresses as well as to prepare for future climate change, the adaptive capacity of the Hai District needs to be strengthened. This requires, among other things, increased evidence on the effects of climate change impacts on the food access, utilization, and stability dimensions in order to achieve a more holistic understanding of food security [6] .
Drought can vary in severity: temperature and rainfall projections from Sub-Saharan Africa, showed, for example, that there will be roughly 54% increase in armed conflict incidence by the year 2030, which is equivalent to an additional 393,000 battle deaths if future wars are as deadly as recent wars [12] . Extended periods of severe droughts have far-reaching, negative impacts on the availability of water resources, food and agricultural security, human health, tourism and biodiversity [2] [4] [6] . Such a drought was experienced by farmers in areas across the Horn of Africa and for example, the 2009, and 2011 drought was, in some places, the worst to hit the region for 60 years [4] [5] . As a consequence normal patterns of temperature and rainfall and farming were disrupted, with production of some (annual) crops going down below the average per unit area production, while some areas experienced total annual harvest loss in Hai District during the years of drought. Annual crops are most sensitive to variations in rainfall and temperature conditions [10] [13] . Most of the affected crops during the years of drought among others are maize, beans and coffee [10] , so our analyses focused on production patterns among maize (Zea mays L.) and common bean (Phaseolus vulgaris L.).
This study aims to examine production patterns among different crops and livestock as influenced by changes in climate (temperature and rainfall). The specific objectives were: 1) To determine the rainfall and temperature patterns in Hai District in the past 40 years (1972-2012); 2) To determine the major crops grown and their respective proportions as produced in Hai District; 3) To assess the trends in livestock losses (as caused by drought) for the past decade (2000-2010); 4) To assess the impact of rainfall and temperature on crops production in Hai District.
Methods

Study Area
The study area is Hai District located in northern Tanzania Hai District is in the northern part of Tanzania [(latitude 2˚50' -3˚29'S and longitude 30˚30' -37˚10'E), Figure 1 ]. Mean annual rainfall is 521 ± 188 mm (n = 40 years) and the mean annual temperature is 23.3˚C ± 0.66˚C ( [14] , Figure 2) . The rainfall is bimodal with two rainy seasons namely: Long rainy season which starts in March and ends in June and while the short season rainy is usually between the months of November and December [8] 
Climate and Agriculture Production Data
The monthly average temperature (minimum and maximum) and rainfall data for the same time period were obtained from the Kilimanjaro International Airport Meteorological Centre. This centre facilitates the gathering of data from the national (and the world's) leading climate data, monitoring and research centres.
Estimates of Hai District crop yields and livestock production data for 2000-2010 were obtained from the District Agriculture and Livestock Office [8] . Seasonal estimates from available land area data were computed for each crop, with (both commercial and smallholder rainfed sector) production estimated by the annual production of crop in the district. The monitoring of the agriculture production in Hai District is an ongoing activity managed by Hai District Council [8] . Prior to the year 2000, Hai and Siha districts were under one administrative (Hai) district council which have now been divided into two (Siha and Hai) districts; because of this, all the analyses of annual crop production used the end of 2000 as a baseline year for Hai District and were adjusted appropriately to include the crops that were being monitored by Hai District Council only at the time. During the 
Statistical Analyses
In order to understand how climate change predicts crop production in Hai District, long-term (40 years) data were used to compare the patterns of rainfall and temperature and annual crop production data collected from the two main food crops: maize and beans. These are the annual crops that are mostly affected by annual variations in temperature and rainfall in Hai and whose productions were recorded for the last decade ( Table 1) . The long term temperature and rainfall data collected were subjected to statistical analyses for significance levels using correlation analyses in R 2.13.0 (www.r-project.org). Figure 3 show the mean annual temperature and precipitation for Hai District over the past four decades . Using the data for the past decade (2000-2010), the results showed a significant negative correlation between mean annual rainfall and temperature at Hai District over the past eleven years (Pearson's Agriculture production in Hai District is the major economic activity that significantly contributes to food production and people's income. Based on the result from the household survey, the six most widely grown crops in the district (from highest to lowest production) are maize, common bean, coffee, banana, sunflower and paddy/rice (Figure 4, Table 1 ). Production of these crops accounts for over 46% of Hai District cropland area and more than 82% of food production, grown by more than 80% of the small scale farmers/residents whose primary source of livelihood is agriculture [7] [8] .
Results
Figure 2 and
Two ( Table 1) . Although almost all the crops produced at Hai District were found to be influence by climate change, the most affected ones were maize and bean ( Table 1) . Temperature and rainfall were strongly correlated with maize and beans production, with rainfall having strong positive association with maize and beans production and temperature having inverse relationship with maize and beans yields ( Figure 5 and Figure 6 , Table 2 ). The strength of association between maize production verses temperature and rainfall were also found to be significant ( Table 2) . Using the maize and bean output data (Table 1) and cattle and goat/sheep mortality (Figure 8 ) for 2003 as a representative year, the annual loss (due to drought) from agriculture production was estimated and summarized in Table 3 .
Changes in climate also have direct impact on livestock mortality. Based on the increase in temperature and decrease in precipitation as indicated in Figure 1 and Figure 2 , drought is likely to be more intense and frequent in the coming years. Our study found on average, the annual estimated death of livestock per annum in Hai District during the years of drought was 111 and 274 for cattle and goats/sheep respectively (Figure 8) . The death of animals could be attributed mainly due to significant reduction in the available forage for livestock.
Discussion
As indicated in the results, climate change has a large effect on agriculture sector and, consequently, on the food available for residents of Hai District and other parts of the country. The close association between crop (maize and bean) production and temperature and precipitation suggest that there are significant effects of climate change on food availability in Hai District. Higher temperatures eventually reduce yields of desirable crops while encouraging weed and pest proliferation [13] . During the last 120 years, annual precipitation on Mount Kilimanjaro (including Hai District) has decreased by 600 -1200 mm [15] while since 1972 annual temperature has mostly been on the increase drastically (Figure 2 and Figure 3 ). Both these climatic changes do not only cause the glaciers on the mountain to retreat [15] but also intensity and frequency of droughts are likely to increase, resulting in a potentially much greater impact on the overall livestock production in the neighborhood of Kilimanjaro ecosystem. We can observe that, on the average, the estimated death of livestock per annum in Hai District during the years of drought was 111 and 274 for cattle and goats/sheep respectively (Table 3, Figure 8 ). Therefore these data imply that the possible impact on cattle and goats/sheep during the years of drought is equivalent to losses of $0.04 million and $0.01 million per year respectively ( Table 3 ). The death of animals could be attributed mainly due to significant reduction in the available forage for livestock.
Drought is expected to increase in frequency and severity in the future as a result of climate change, mainly as a consequence of not only decreases in regional precipitation but also because of increasing evaporation driven by forest clearing that exacerbates global warming [16] . A study [17] on the slopes of Mount Kilimanjaro indicated that the combined cover of closed and open forests decreased by 68% while closed and open forests decreased by 56% and 64% respectively due to forest clearing and climate change. Another study [15] indicated that during the last 70 years, Mount Kilimanjaro has lost nearly one-third of its forest cover, in the upper areas caused by climate-driven fire and clearing. The loss of 150 km 2 of cloud forestthe most effective source in the upper montane and subalpine fog interception zone-caused by fire during the last three decades means a considerable reduction in cloud forests and water yield [15] .
The cloud forests are of great importance for watersheds in East Africa [15] [18] . In addition to the function of filtering and storing water, the upper montane and subalpine cloud forests have a high potential of collecting cloud water. Fog interception increases with altitude, and so does its contribution to water yielding on higher altitudes of Kilimanjaro [19] . Thus, the loss of cloud forests due to climate induced fires as well as the loss of montane forest due to clearing, causes a considerable reduction and enhanced variability of water yields of the Kilimanjaro catchments.
Agricultural activities in the Hai District depend on rainfall and irrigation and since precipitation decreases from the lower forest boundary of the mountains down to the plains, then most of the areas just few kilometers from the lower elevations are semi-arid in nature requiring irrigation for agriculture production. Irrigation activities have also started to be practiced in highlands, through traditional furrows (mifongo), and this is due to increased drought that comes even before most of the food crops mature [17] .
Variation in yields on annual food crop production during the non-drought years in Hai District is generally extremely low, with maize crop having the highest production when compared with other crops. However, in 2003 and 2009, for example almost more than 98 per cent of the maize produced per year did not attain maturity and consequently could not be harvested within that year (Table 1, Figure 5 and (Figure 7 ) may also be regarded as poor distribution to efficiently support the performance of crop.
As expected for most annual crop varieties [13] [20], annual food crops in Hai District suffered most from the severe drought. In accordance with previous work on effects of climate change on crop production, maize production was moreover lower among other annual food crops than between perennial crops [7] [20] . Estimates of the effects of climate change on maize yields are available from model runs of the Crop Environment Resource Synthesis model (CERES-Maize) [20] . In general, simulation results show that maize yields were lower, as result of higher temperatures and, where applicable, decreased rainfall. The average yield of maize decrease over the entire country was 33%, but simulations produced decreases as high as 84% in the extremely dry regions of Tanzania [20] [21] .
In this study, we also report a strong and significant association between climate change and high variability in the yield patterns of maize over the years in Hai District. These observed reductions in maize yield are mainly due to increases in temperature and to decreases in rainfall amount and distribution during the growing season ( Figure 5 and Figure 7 ) that affects development of the crops and their attainment to maturity. The inferred temperature sensitivities were negative for both maize and bean crops ( Table 2) , in agreement with several previous assessments [20] - [24] . All instances of significant yield effects were attributable mainly to precipitation trends, as rainfall trends had significant positive associations on yields for both maize and bean. Mechanisms likely responsible for the observed negative relationships include decreases in crop development rates, due to increases in water stress and canopy respiration with warmer temperatures [22] .
The agricultural sector is the leading sector of the economy of Tanzania and accounts for over half of the gross domestic product (GDP) and export earnings [20] [25] . The livelihood of more than 80% of the population that lives in rural areas depends on agriculture [7] [25] . The performance of agriculture is therefore a major factor in determining livelihood fortunes. Given the importance of agriculture for gross domestic product (GDP), employment, and livelihoods in many developing countries, the impacts of climate change on food availability are likely to reverberate throughout the economies of these countries including Tanzania.
Estimates of lost production (based on the potentially available area) in Hai District due to climate change from this study are 116,200 tones•yr −1 for maize and 21,600 tones•yr −1 for bean, which translates to annual district losses of almost $29 million and $10.8 million, respectively (Table 3) , using 2012 producer prices in Tanzania. Although the results indicate an overall reduction of more than 98% in maize production to, equivalent to losses of $29 million per year, the aggregate results hide enormous severe consequences for agriculture, food supply, economy and employment particularly in years where substantial extreme droughts are experience. For example, whenever the rains fail in Tanzania, it is agriculture and energy (hydroelectric power) sectors that suffer most. Likewise, it can be anticipated that food access and utilization will be affected indirectly via collateral effects on household and individual incomes [6] .
The evidence from this study supports the need for considerable investment in adaptation and mitigation actions toward a climate-smart food system that is more resilient to climate change influences on food security.
These unprecedented climate extremes should be a wake-up call for all stakeholders and their impacts urgently need to better address the food security concerns that are central to economic and sustainable development agendas. It is also desirable to develop a broader research framework, which integrates bio-physical and socio-economic aspects of food systems, and thereby address the vulnerability of the food systems and thereby improve food security [2] .
Our study illustrates the strong impact of climatic variability on annual food crop and livestock production and the decline in the years of drought is indicative of entrenched vulnerability resulting from a climate impact at local level. Some other recent research suggests that while some crops may respond positively to increased atmospheric carbon dioxide concentrations, the associated effects of higher temperatures and altered patterns of precipitation will probably combine to reduce yields [13] . While annual crops could be more impacted by climate change [13] , it is likely that perennial crops would be even more susceptible to changes in the climate. Although there will be gains in some crops in some regions of the world, the overall impacts of climate change on agriculture are expected to be negative, threatening global food security [21] [26] .
This study thus provides another example of how extreme climatic events such as droughts can strongly affect crop and livestock production. The reduced maize production in Hai District is an example of one end of the spectrum in crop production and climate dynamics: a one site maize production greatly reduced by droughts, whose yield can increase rapidly in the face of availability of enough rainfall and moderate temperature conditions. Knowledge of this variation in maize and beans yield as influenced by climate variability will be important in improving quantitative planning for adaptive and climate change mitigation measures.
Our expanding body of knowledge of how climate affects crop production should help ensure that any measures and/or decisions that are meant to respond to consequences of climate change are based on the best quantitative information available.
Conclusions
The results from this study suggest an association between food crop production and variation in climate (temperature and rainfall) in Hai District. Considering the aspect of rainfall and temperature, we demonstrate that rainfall and temperature have significant relationship with maize and bean outputs. The rainfall had a strong positive association with maize and beans production and whereas temperature had inverse relationship with maize and beans yields.
With the annual loss $0.04 million and $0.01 million per year from cattle and goats/sheep respectively and the additional annual loss of $29 million and $10.8 million from maize and bean crops respectively ( Table 3) in Hai District during years of severe and prolonged droughts, our study highlighted how severe droughts can dramatically affect agriculture production and food security in the area.
To mitigate climate change and provide effective adaptation measures, it is imperative to develop a broader research framework, which integrates bio-physical and socio-economic aspects of food systems, and thereby address the vulnerability of the food systems in order to improve food security.
